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Assessment of Fiscal Intervention Measures: 
Perspectives from Environmental Macroeconomics 
 
 
Seck L. Tan and Dodo J. Thampapillai 
Lee Kuan Yew School of Public Policy 
National University of Singapore 
 
 
ABSTRACT: The aim of this paper is to illustrate the distinction between the standard and 
environmental macroeconomic frameworks in terms of policy outcomes. The policy 
intervention measures are environmental taxes and investments. An illustration is made with 
reference to China. Like most countries, China adopted loose fiscal policies to prevent 
worsening unemployment and related problems in the context of the global financial crisis. 
Nevertheless, such fiscal laxity has exacerbated problems and issues pertaining to the 
sustainability of environmental resources. The paper also attempts to canvass means of 






Macroeconomic policy analysis is invariably conducted without reference to environmental 
capital (KN) and its depreciation (DKN). Hence policy outcomes from such analyses are 
inevitably unsustainable. Following the literature in environmental economics (Daly 1991; 
Thampapillai 2006), we define KN as an aggregate measure of the natural endowments at the 
disposal of an economy – analogous to the concept of capital stock in standard 
macroeconomics. In this paper we demonstrate a simple macroeconomic framework into 
which DKN is internalized. The level of national income (Y) that ensues as a result of such 
internalization is more sustainable than that elicited from standard macroeconomic policy 
analysis which excludes DKN. The internalization also permits the basis for discerning the 
level of extra taxation that is required in the standard analysis to achieve the same income 
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outcome as that displayed in the internalized framework. An estimate of this added tax is an 
indicator of the extent of divergence between the unsustainable and quasi-sustainable time 
paths. As indicated below, the levels of extra taxation required are exceedingly high. We 
consider a nominal level of extra taxation (10%) to meet environmental investment. Taxes, 
when not injected back into the economy properly can be regressive. Hence, the additional 
taxes need to be reinvested within the confines of fiscal balance (Thampapillai, Wu and Tan 
2010). Then the economy could recoup its resilience following a period of adjustment. Such 
resilience is matched by sustainability when the investments pertain to KN. We provide 
illustrations of our claims with reference to China. 
 
The paper is structured as follows. The next section deals with the explanation of the 
standard Keynesian income determination framework and the internalization of DKN within 
such a framework. We label the framework that has the internalization of DKN as the 
sustainability framework because the application of this framework is likely to prompt 
outcomes that would be more sustainable than those elicited from the application of the 
standard framework. The next section also provides the definition for the extra level of 
taxation within the standard framework that would render the outcome of the standard 
framework synonymous with the outcome of the sustainability framework. The third section 
contains an empirical illustration with reference to China. The main feature here is the 
allocation of the extra taxes collected as investments on KN. Simulations are carried out – 
under some assumptions – to show that investments on KN can recoup and then maintain the 
resilience of the economy. The types of environmental capital investments that could reverse 
the regressive effects of the added taxes are then canvassed in the fourth section. 
 
2. THE CONCEPTUAL FRAMEWORK 
 
We limit our analysis to a simplified Keynesian framework where aggregate income (Y) is 
determined by aggregate expenditure. We further confine aggregate expenditure to gross 
domestic product (GDP) and assume (for reasons of simplicity) that all components of GDP 
barring consumption (C) and investment (I) are fixed. Hence the sum of government 
expenditure (G) and net exports (NX) is assumed to be contained in a constant (denoted by  
during a given time period. The methodology employed relies on the analytics of point 
estimates. That is given assumed functional definitions for the components of GDP, the 
coefficients in these definitions are elicited as point estimates from the data. 
 
The assumed functional definitions of C and I are as follows: 
 
 C = Y         (1) 
YII           (2) 
 
In (1) ,  and  represent respectively autonomous consumption, the marginal 
propensity to consume and the rate of taxation. By assuming  = 0, we elicit the point 







In (2) I  represents fixed investment which we suppose is also contained in  such 








A simple definition for the equilibrating value of Y within standard framework which 
is based on (Y  GDP) is given by: 
 
δ]τ)β(1[1
ΦY*          (3) 
 
 
For the sustainability framework the equilibrium for income determination is redefined 
as (Y  GDP – DKN). If we denote DKN as a simple linear proportion  of GDP then the 




       (4) 
 
 
The level of extra taxation  that is required in the standard framework for 
synonymity with the sustainability framework can be determined by adding  to  in the 
denominator of (3) and then resolving for  by equating the amended expression of (3) with 
(4). Thus it follows that: 
 
γ)β(1
γΔτ           (5) 
 
Consider next a context wherein an economy levies a sequence of extra taxes each 
year over a period of T years (1, …, T), namely . Our contention is that 
when each i is returned as KN investments, then DKN and  in some subsequent time period, 
say (i+t), would begin to decline permitting the economy to expand and become both resilient 
as well as sustainable. In this paper, we set T = 1, 2, 3 that is we consider extra taxes for the 
first three years.  
 
3. EMPIRICAL ILLUSTRATION 
 
In order to demonstrate the premises advanced above, we present an illustration with 
reference to the Chinese economy. In the first instance we obtain point estimates for  
and  from time series data. Whilst the estimation of , and is straight forward, the 
estimation of  warrants as an explanation. For reasons of illustrative convenience, we confine 
the analysis of KN to the depreciation of the air-shed in terms of air pollution and the 
depreciation of agricultural soils in terms of utilizing chemicals including artificial fertilizers. 
Hence DKN is estimated as the sum of the costs of abating air pollution and applying 
chemicals and fertilizers on agricultural soils. Both air pollution and chemicals / fertilizer 
application data were drawn from the latest issues of the World Development Indicators 
(World Bank, 2010). The air pollution loads were all presented in CO2 equivalents and the 
unit cost of abatement was equated to USD 40 per ton1 following World Bank (2007). The 
cost of chemical and fertilizer usage was averaged to USD 400 per ton following United 
States Department of Agriculture (2010). Hence the definition of  could be differentiated in 










KNtSDAP       (6) 
 
The elicitation of point estimates for  and  over the period 1990 to 2009 
permits the development of trend equations for each coefficient. These equations are 
displayed in the Appendix. We then select the observed values  and  for 2004 and 
use the trend equations to project them until 2020. This permits the display of anticipated time 
paths for Y* and Y** over this period. Some key findings are presented below.  
 
Figure 1 displays the comparison of the incomes determined from the standard 
framework income (Y*), and the sustainable framework income (Y**). The actual GDP 
income (YA) observed during the first four years (2004 to 2009) are also included in the 
comparison.     
                                                 
1 The abatement of these loads was valued at US$40 per ton of CO2 equivalent (Year 2000 price). 
 
  




The actual income, YA = GDP is marginally in excess of Y* in the first three years 
from 2004 to 2006. This excess becomes more pronounced in the next three years from 2007 
to 2009. An explanation may be that the fiscal stimulus offered by the Chinese government to 
avert the adverse effects of the global financial crisis (GFC) could have intensified the GDP. 
But such actions were perhaps unwarranted owing to the excess of YA over Y*. An 
observation of significant importance is the clear divergence between the paths of Y* and Y**. 
This confirms China’s income (Y*) from the standard framework is unsustainable in this 
projected time path. The clear divergence between Y* and Y** in Figure 1 is further reinforced 
by the increasing size of . As shown from Figure 2 below, the magnitude of additional taxes 
needed for sustainability (equations above) starts from 44 percent in 2004 and extends 




Figure 2: Magnitude of Additional Taxes () 
 
We consider next the effects of extra taxation and return of these taxes as KN 
investments. As indicated above the extra taxation () is considered at two levels, namely 2 
percent and 5 percent. Two types of KN investments are considered, namely reforestation 
(RF) and the transformation of existing patterns of farming into organic agriculture (OA). 
Investments in RF and OA are expected to render APt and SDt to decrease respectively 
following a lag period of six years. We assume that the per hectare cost of RF and OA are the 
same because both of these involve income losses in terms of opportunity costs from 
agriculture. Hence the extent of land area that could be allocated for either RF or OA can be 
estimated by dividing  by the per hectare cost of investment. Given the equality of the 
opportunity cost of KN investments, we assume that  in any given year can be divided 
equally between RF and OA. Figure 3 below compares standard income, Y* and sustainable 
income, Y**(I) which incorporates re-investing taxes towards KN. Figure 3A deals with = 
2 percent and figure 3B deals with = 5 percent.  
     
  
Figure 3A: Standard Framework (Y*) versus Sustainable Framework (Y**) with 2% 
extra taxes reinvested in KN  
 
  
Figure 3B: Standard Framework (Y*) versus Sustainable Framework (Y**) with 5% 
extra taxes reinvested in KN  
 
In this context (Figure 3A and 3B), Y* has neither tax considerations nor reinvestment whilst 
Y**(I)  has additional taxation for the first three years that leads to reinvestment. The 
additional taxes collected in a given year are assumed to be reinvested in the subsequent year. 
Such reinvestment of the taxes has allowed: 
 
a. for Y* > Y**(I), but with strong possibility of convergence at the 2 percent extra 
taxation level; and  
b. for Y**(I) to exceed Y* after eight years at the 5 percent extra taxation level 
However, if the reinvestment of the extra taxes is not included in the accounting process then 




Figure 4A: Standard Framework (Y*) versus Sustainable Framework (Y**) with 2% 




Figure 4B: Standard Framework (Y*) versus Sustainable Framework (Y**) with 5% 
extra taxes but no reinvestment versus Actual Income (YA)  
 
The divergence though between Y* and Y** in Figure 4A and 4B is less pronounced than that 
observed in Figure 1 where extra taxation is not considered. It is observed from the figures 
that there is a marginal narrowing of the divergence when extra tax taxes were imposed. This 
is primarily due to the reduction in The reinvestment of taxes goes towards reducing 




4. THE CASE FOR KN INVESTMENTS 
 
In the context of pollution and various emissions, the pertinence of closed-loop systems has 
been heavily canvassed. This system is one where waste is either recycled as an input into 
another process or returned to nature as harmless material. That is, we need to strive for the 
prevention as far as possible of pollution loads from entering environmental sinks such that 
the sinks have sufficient time to heal and recommence the provision of service flows. At least 
four areas of closed loop production options are relevant in an emerging economy such as 
China. These are: i. Sewerage Treatment Systems; ii. Air-conditioning and Heating Systems; 
iii. Energy Supply Systems and; iv. Innovative Methods of Commodity Development2. 
 
Sewerage Treatment Systems 
Sanitation and hygiene are not the only issues that surround sewerage treatment. Because this 
activity eventually relies on a variety of environmental sinks – oceans, lakes, rivers and 
subterranean ecosystems – efficient methods of sewerage treatment have far reaching 
implications for sustainability. In this context Singapore’s Public Utilities Board (PUB) offers 
a framework which other cities can / must emulate. In this city state, every single dwelling is 
connected to a system where the treatment is so advanced that the recovered water is reusable 
for both industrial and potable purposes. But besides the issue of water conservation, it is 
equally important to note that the extent of treatment renders the residues that get deposited 
                                                 
2 An earlier version of this discussion was presented in ETHOS – World Cities Summit Issue June 2008, Civil 
Service College Singapore by D. Thamapapillai 
into the ocean sink to be inert. Most coastal cities in the world deposit untreated sewage into 
ocean sinks on the grossly mistaken assumption that the ocean is an infinite sink. For 
example, Sydney (Australia) pumps out each day at least 12 million litres of untreated raw 
sewage into the Pacific Ocean. Imagine the cumulative load of pathogenic material that would 
have accumulated if one tallies all other coastal pumping stations in Australia and the number 
of years of this activity. Skeptics would of course argue that the ocean is not a static body of 
water and that wave actions and oceanic movements will render the deposits harmless. This 
may be true if the loads of deposition are small and not continuous over time. Scientific 
evidence now indicates that the quality of the Pacific Ocean on the Eastern sea board of 
Australia could be seriously compromised. It is this type of practice (amongst others) that has 
rendered nearly half the Baltic Sea (below a certain depth) to be lifeless. It is plausible to 
argue that the sink capacity of all oceans in all continents is compromised owing to improper 
methods of sewerage treatment. If all cities in the world were to replicate the Singapore 
model, then the implications for global warming are immensely significant. The oceans are 
the world’s largest naturally occurring carbon sink. The sink capacity of the oceans when 
restored could in turn restore balance to the carbon cycle.  
 
Air-conditioning and Heating Systems 
Compared to 20 years ago, every dwelling and building in almost every city is now equipped 
with either an air-conditioner (in tropical countries) or a heat pump (in temperate countries) or 
a reverse-cycle unit (mainly in temperate countries). Air conditioners generally pump out hot 
air – depending on the indoor temperature setting – and hence raise the outdoor ambient 
temperature. Heat pumps in winter gush out colder air and thereby lower the external ambient 
temperature. The skeptics’ response would be that the change in temperature prompted by 
each unit is miniscule relative to the volume of the earth’s troposphere. However, if one were 
to take a tally of the number of dwellings across the globe and the time continuum, then the 
cumulative effect is quite unlikely to be insignificant. Closing the loop (at least partially) on 
this type of system would be to search for dwelling / building designs that would reduce the 
demand for heating and cooling and at the same time enable the capture of the heat / cold 
emission for reuse within the dwelling / building. For example, in a shopping centre complex, 
the design aspects could be construed such that dry-cleaning establishments receive the hot air 
exhausts (in tropical countries) and cold rooms for refrigeration receive the cold air exhausts 
(in temperate countries). In both cases, the partial loop closure reduces the energy demand 
imposed on the grid. 
 
Energy Supply Systems  
The greenhouse gas concerns have already ushered in several alternative energy initiatives. 
These initiatives range between energy saving devices and the development of alternative 
energy sources to replace fossil fuels. For example, the Australian firm Oceanlinx has 
developed a device that would convert wave energy into electrical energy and currently has in 
place about six urban energy supply projects each to deliver between 5MW to 15 MW of peak 
capacity. Entrepreneurs based in the United States are attempting to popularize electric cars 
that would utilize recharging stations on the mobile-phone model. A policy analysis exercise 
in public policy at the National University of Singapore recently examined the feasibility of 
solar panels on roof-tops of housing estates to relieve the grid of fossil fuel energy supply. 
The Washington Post (2008) provides a report of attempts to harness low emission bio-fuel 
from algae. In fact, oil converted from algae has a wide range of commercial applications 
from fuels to food. Airlines have also attempted to use alternative energy sources. Oil from 
the crushed seeds of the jatropha plant had been used to power jet engines.  On 30 December, 
2008, Air New Zealand flew the first successful test flight with a Boeing 747 running one of 
its four Rolls-Royce engines on a 50:50 blend of jatropha oil and jet A-1 fuel. When 
commercial scale production happens in the next two to three years, the cost will become 
comparable to that of traditional jet fuel.  
   
Innovative Methods of Commodity Development 
Innovative methods of commodity development that embrace closed-loop production involve 
attempts to replicate nature's methods of dealing with waste. Benyhus (1998) provides several 
examples under the heading Biomimcry which is defined as: 
  
"A new science that studies nature's models and then imitates or takes inspiration from these 
designs and processes to solve human problems".  
 
The web that spiders weave results from the residues of their diet and Benyhus illustrates how 
strong fabric can be made without powerful chemicals such as sulphuric acid. Similarly 
abalone makes its shells without the heating and furnaces that accompany most ceramic 
factories. The closed loop manufacturing model has already permeated business and is 
reported to have generated to the United States manufacturing industry revenues amounting 
US$53 billion in 1996 alone. There are of course numerous other examples of environmental 
innovations. Prominent among these are the hyper car which uses cheaper and recyclable 
material for the exterior and interior with combustion systems that would significantly reduce 
reliance on fossil fuels and hence reduce toxic emissions. The building industry has recently 
proposed the manufacture of building materials from renewable sources (for example building 
bricks from pulp and paper) together with building designs that significantly reduce the 
demand for heating, insulation and lighting.  
 
5. CONCLUDING NOTES 
The choice of an appropriate mix of actions within the portfolio of governance for future cities 
must inevitably follow the dedicated path to permit the restoration of environmental sinks that 
have been damaged by several years of neglect, false premises and complacency with regard 
to environmental stewardship. Whilst a zero emission regime may prove difficult in the short-
run, it may be feasible in the long run. The lower end of the time scale given in the Stern 
(2006) report for environmental repatriation is only 50 years. Although this estimate is 
probabilistic, it is prudent to be aggressive in the search for appropriate measure such as some 
of those mentioned above. Some common sense approaches such as globalizing the 
Singapore-PUB model of sewerage treatment is not readily apparent to many – but can be put 
in place perhaps much sooner than global carbon trading markets. 
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Appendix 1: Definition of equilibrium in standard frameworks in macroeconomics  
In a standard Keynesian framework, stabilization occurs when income equals planned 
aggregate expenditure (Y  PAE); and PAE makes up the gross domestic product (GDP) of 
the economy. PAE is defined as C + I + G + X – M, where C = Consumption, I = Investment, 
G = Government Expenditure, X = Exports and M = Imports. I, G, X, and M are assumed 
constants in this analysis and are denoted by , i.e. = I + G + X – M.  
The assumed functional definition of C is as follows: 
 C = Y         (1) 
 
In (1) ,  and  represent respectively autonomous consumption, the marginal propensity to 






C .  
The assumed functional definition of I is as follows: 
YII           (2) 
 
In (2) I  represents fixed investment which we suppose is also contained in  such that ( = 





II .  
 
At equilibrium, aggregate income (Y) is equal to planned aggregate expenditure or gross 
domestic product (GDP), i.e. Y  GDP. Solving for Y, equilibrium income Y* becomes a 
function of marginal propensity to consume (), taxes (), and propensity to invest (), i.e. Y* 
= f (, , ); and is defined as:    
])1(1[
Y* 
         (3)  
 
Appendix 2: Definition of equilibrium in environmental macroeconomic framework 
In the environmental macroeconomic framework, KN is internalized and denoted by the 
depreciation of KN, DKN as a simple linear proportion  of GDP, i.e.  DKN =  GDP. At 
equilibrium, aggregate income (Y) is now equal to planned aggregate expenditure or gross 
domestic product (GDP) less depreciation of KN, i.e. Y  GDP – DKN. Solving for Y, 
equilibrium income Y** becomes a function of marginal propensity to consume (), taxes (), 
propensity to invest (), and proportion of environmental degradation (), i.e. Y** = f (, , , 






Y        (4) 
To accommodate the effect from taxes, the extra tax () is added to  in the denominator of 




Y        (5) 
An optimal level of extra taxation () would have to be levied upon the revised Y* (5) so as 
to achieve the same income outcome as in Y** (6). The optimal level of extra taxation can be 
solved by equating the revised Y* (5) to Y** (6):  
           
])1(1[  
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Thus, solving for , the required level of taxation is: 
)1( 











TABLE A1: Basic Macro Aggregates 
 
 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 
C 1.9E+12 2E+12 2.2E+12 2.4E+12 2.7E+12 3.1E+12 3.4E+12 3.7E+12 4E+12 4.3E+12 4.6E+12 4.8E+12 5.1E+12 5.4E+12 5.7E+12 6.1E+12 6.6E+12 
I 1.3E+12 1.5E+12 1.7E+12 2.3E+12 2.5E+12 2.7E+12 2.9E+12 3E+12 3.2E+12 3.4E+12 3.5E+12 3.9E+12 4.4E+12 5.3E+12 6.1E+12 6.9E+12 7.8E+12 
G 5.2E+11 6.2E+11 7.2E+11 8.1E+11 9.1E+11 9E+11 1E+12 1.1E+12 1.2E+12 1.4E+12 1.6E+12 1.7E+12 1.9E+12 2E+12 2.1E+12 2.3E+12 2.5E+12 
X - M 1.3E+11 1.4E+11 8.1E+10 
-
1.1E+11 1.1E+11 1.5E+11 1.5E+11 3.5E+11 3.7E+11 2.6E+11 2.4E+11 2.3E+11 3E+11 2.8E+11 3.6E+11 8.7E+11 1.4E+12 
GDP  3.8E+12 4.2E+12 4.7E+12 5.5E+12 6.2E+12 6.9E+12 7.5E+12 8.2E+12 8.7E+12 9.3E+12 9.9E+12 1.1E+13 1.2E+13 1.3E+13 1.4E+13 1.6E+13 1.8E+13 
T 2E+11 2.4E+11 2.9E+11 4.1E+11 4.2E+11 4.4E+11 4.7E+11 5.8E+11 6.7E+11 7.9E+11 8.6E+11 1E+12 1.2E+12 1.4E+12 1.5E+12 1.7E+12 2E+12 
Ī 9.5E+11 1.1E+12 1.5E+12 2E+12 2.1E+12 2.3E+12 2.4E+12 2.6E+12 2.9E+12 3.1E+12 3.4E+12 3.7E+12 4.3E+12 5.1E+12 5.8E+12 6.6E+12 7.4E+12 
GDP Deflator 50.720 54.194 58.658 67.528 81.443 92.631 98.592 100.083 99.224 97.979 100.000 102.052 102.649 105.329 112.611 117.036 121.466 
GDP Deflator 
Base = 1 0.507 0.542 0.587 0.675 0.814 0.926 0.986 1.001 0.992 0.980 1.000 1.021 1.026 1.053 1.126 1.170 1.215 
Cost of air 
pollution 
@USD40/ton 1.2E+12 1.3E+12 1.3E+12 1.4E+12 1.5E+12 1.6E+12 1.6E+12 1.6E+12 1.6E+12 1.6E+12 1.7E+12 1.7E+12 1.8E+12 2E+12 2.2E+12 2.4E+12 2.6E+12 
Cost of soil 
degradation 
@USD400/ton 5.3E+10 5.8E+10 5.7E+10 4.9E+10 5.6E+10 6.9E+10 7E+10 6.9E+10 7E+10 7.1E+10 6.7E+10 6.9E+10 8.6E+10 7.8E+10 9.2E+10 9.2E+10 1.1E+11 
Y*  3.8E+12 4.2E+12 4.7E+12 5.5E+12 6.2E+12 6.9E+12 7.5E+12 8.2E+12 8.7E+12 9.3E+12 9.9E+12 1.1E+13 1.2E+13 1.3E+13 1.4E+13 1.6E+13 1.8E+13 
Y**  1.7E+12 2E+12 2.5E+12 3.1E+12 3.7E+12 4.1E+12 4.7E+12 5.3E+12 6E+12 6.5E+12 7E+12 7.8E+12 8.7E+12 9.7E+12 1.1E+13 1.2E+13 1.4E+13 




TABLE A2: Coefficients 
 
  1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 
 1.6E+12 1.9E+12 2.2E+12 2.7E+12 3.1E+12 3.3E+12 3.6E+12 4.1E+12 4.5E+12 4.8E+12 5.2E+12 5.7E+12 6.4E+12 7.3E+12 8.2E+12 9.8E+12 1.1E+13 
 0.512 0.500 0.499 0.481 0.465 0.477 0.488 0.487 0.491 0.503 0.509 0.499 0.485 0.466 0.446 0.422 0.407 
 0.098 0.079 0.057 0.065 0.060 0.072 0.064 0.049 0.032 0.027 0.010 0.018 0.016 0.018 0.025 0.018 0.019 
 0.052 0.057 0.062 0.074 0.068 0.064 0.062 0.071 0.077 0.085 0.088 0.095 0.100 0.106 0.107 0.107 0.107 
AP 0.325 0.310 0.285 0.259 0.240 0.230 0.217 0.199 0.180 0.175 0.168 0.159 0.151 0.154 0.157 0.150 0.142 
SD 0.014 0.014 0.012 0.009 0.009 0.010 0.009 0.009 0.008 0.008 0.007 0.006 0.007 0.006 0.006 0.006 0.006 
 t 0.339 0.324 0.297 0.268 0.249 0.240 0.227 0.208 0.188 0.183 0.175 0.165 0.158 0.160 0.164 0.156 0.148 
 
Trend Equations 
Trend equations are estimated based on the coefficients in Table A2 to forecast the change in the respective parameters across the projected time 
period. The equations are listed below for each of the coefficients.  
(t): y = 1.1082x  
(t): y = 0.9755x 
(t): y = 1.0482x 
(t): y = 1.0472x 
(t): y = 0.9711x 
 
TABLE A3: Projection analysis in relation to Figure 1 with no taxes and no re-investment 
 
 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 
                 
  8.2E+12 9.1E+12 1E+13 1.1E+13 1.2E+13 1.4E+13 1.5E+13 1.7E+13 1.9E+13 2.1E+13 2.3E+13 2.5E+13 2.8E+13 3.1E+13 3.5E+13 3.8E+13 
 0.446 0.435 0.425 0.414 0.404 0.394 0.385 0.375 0.366 0.357 0.348 0.340 0.331 0.323 0.315 0.308 
 0.025 0.026 0.028 0.029 0.031 0.032 0.034 0.035 0.037 0.039 0.040 0.042 0.044 0.047 0.049 0.051 
 0.107 0.113 0.118 0.123 0.129 0.135 0.142 0.148 0.155 0.163 0.170 0.178 0.187 0.196 0.205 0.215 
t  0.164 0.163 0.161 0.160 0.159 0.158 0.156 0.155 0.154 0.153 0.152 0.151 0.149 0.148 0.147 0.146 
 0.439 0.446 0.453 0.460 0.468 0.475 0.483 0.490 0.498 0.506 0.514 0.522 0.531 0.539 0.548 0.556 
                 
Y*  1.4E+13 1.5E+13 1.7E+13 1.8E+13 2E+13 2.2E+13 2.4E+13 2.6E+13 2.9E+13 3.1E+13 3.4E+13 3.7E+13 4.1E+13 4.5E+13 4.9E+13 5.4E+13 
Y**  1.1E+13 1.2E+13 1.3E+13 1.4E+13 1.5E+13 1.7E+13 1.8E+13 2E+13 2.2E+13 2.5E+13 2.7E+13 3E+13 3.3E+13 3.6E+13 4E+13 4.4E+13 










Table. A.4: Projection analysis in relation to Figure 4A with tax at 2% but no reinvestment 
 
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 
  8.20494E+12 9.09271E+12 1.00765E+13 1.11668E+13 1.23751E+13 1.37141E+13 1.51979E+13 1.68423E+13 1.86647E+13 2.06842E+13 2.29222E+13 2.54024E+13 
  8.20494E+12 9.09271E+12 1.00765E+13 1.11668E+13 1.23751E+13 1.37141E+13 1.51979E+13 1.68423E+13 1.86647E+13 2.06842E+13 2.29222E+13 2.54024E+13 
 0.446 0.435 0.425 0.414 0.404 0.394 0.385 0.375 0.366 0.357 0.348 0.340 
 0.025 0.026 0.028 0.029 0.031 0.032 0.034 0.035 0.037 0.039 0.040 0.042 
 0.107 0.113 0.118 0.123 0.129 0.135 0.142 0.148 0.155 0.163 0.170 0.178 
t  0.164 0.154 0.146 0.137 0.129 0.122 0.115 0.112 0.108 0.105 0.102 0.099 
tAP 0.157 0.148 0.140 0.132 0.124 0.117 0.111 
tSD 0.006 0.006 0.006 0.005 0.005 0.005 0.004 
t                0.110 0.104 0.099 0.096 0.093 
 0.02 0.02 0.02 
Reforest -      5,904,972     13,579,681    22,106,696 
Organic -      5,904,972     13,579,681    22,106,696 
   11,809,944     27,159,363    44,213,392 
Y*  1.40162E+13 1.52583E+13 1.66239E+13 1.83726E+13 2.00359E+13 2.18656E+13 2.38787E+13 2.60943E+13 2.85333E+13 3.12191E+13 3.41773E+13 3.74367E+13 
Y** 1.05014E+13 1.16784E+13 1.29753E+13 1.45602E+13 1.61484E+13 1.78988E+13 1.98281E+13 2.19095E+13 2.42201E+13 2.6771E+13 2.94924E+13 3.24979E+13 







Table. A.5: Projection analysis in relation to Figure 4B with tax at 5% but no reinvestment 
 
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 
  8.20494E+12 9.09271E+12 1.00765E+13 1.11668E+13 1.23751E+13 1.37141E+13 1.51979E+13 1.68423E+13 1.86647E+13 2.06842E+13 2.29222E+13 2.54024E+13 
  8.20494E+12 9.09271E+12 1.00765E+13 1.11668E+13 1.23751E+13 1.37141E+13 1.51979E+13 1.68423E+13 1.86647E+13 2.06842E+13 2.29222E+13 2.54024E+13 
 0.446 0.435 0.425 0.414 0.404 0.394 0.385 0.375 0.366 0.357 0.348 0.340 
 0.025 0.026 0.028 0.029 0.031 0.032 0.034 0.035 0.037 0.039 0.040 0.042 
 0.107 0.113 0.118 0.123 0.129 0.135 0.142 0.148 0.155 0.163 0.170 0.178 
t  0.164 0.154 0.146 0.137 0.129 0.122 0.115 0.112 0.108 0.105 0.102 0.099 
tAP 0.157 0.148 0.140 0.132 0.124 0.117 0.111 
tSD 0.006 0.006 0.006 0.005 0.005 0.005 0.004 
t                0.107 0.098 0.090 0.088 0.085 
 0.05 0.05 0.05 
Reforest -    14,513,769     33,384,058    54,357,570 
Organic -    14,513,769     33,384,058    54,357,570 
   29,027,537     66,768,116  108,715,140 
Y*  1.37028E+13 1.49311E+13 1.62817E+13 1.83726E+13 2.00359E+13 2.18656E+13 2.38787E+13 2.60943E+13 2.85333E+13 3.12191E+13 3.41773E+13 3.74367E+13 
Y** 1.03245E+13 1.14858E+13 1.27659E+13 1.45602E+13 1.61484E+13 1.78988E+13 1.98281E+13 2.20125E+13 2.44565E+13 2.71549E+13 2.98978E+13 3.29264E+13 
YA  1.41975E+13 1.58018E+13 1.78086E+13 2.03374E+13 2.22898E+13 2.43182E+13 
 
 
 
